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Executive Summary 
This report presents the results of the field instrumentation and monitoring program 
conducted on the prototype orthotropic deck installed on the Bronx Whitestone Bridge in 
New York City, NY.  This work was conducted in conjunction with a full-scale laboratory 
test program carried out at Lehigh University and completed in September 2002.   
 
In summary, the objectives of the field testing and monitoring program were as follows: 
1. Verify the laboratory test program as related to loading and overall behavior.  
2. Determine the proportion of in-plane and out-of-plane stresses adjacent to the cutout.  
(It should be noted that the proportion of out-of-plane stress will be greater on the 
prototype test panel since it is only a two-span unit.  Since the final deck 
configuration of the deck will be continuous spans, the measured data are 
conservative.) 
3. Develop stress range histograms at critical details and evaluate the performance of the 
deck in the context of the fatigue limit-state.   
4. Compare the measured stress range spectrum to the stress range predicted analytically 
and to the design assumptions.  
5. Better characterize the in-service behavior of orthotropic deck systems subjected to 
wheel loads.  
6. Evaluate the influence of reducing the diaphragm plate thickness from what was used 
in the laboratory prototype.  
 
Instrumentation was installed on a two-span section of deck during August of 2002.  
Controlled load testing and Long-term remote monitoring were conducted.  The results of the 
program indicate that measured stress ranges exceed the constant amplitude fatigue limit 
(CAFL) of some details at selected locations.  However, the frequency of occurrence is 
sufficiently low and should not result in fatigue cracking during the 75 year design life of the 
deck system.  The reduction in diaphragm plate thickness does not adversely affect the 
performance of the system and may be incorporated into the final design in order to reduce 
the weight of the deck system. 
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1.0 Introduction 
 As a part of an ongoing research program on the Bronx-Whitestone Bridge being 
conducted at Lehigh University an in-depth field study of the orthotropic deck system has 
been completed.  Instrumentation and testing of the prototype deck began in August of 2002 
and was completed in June of 2003.  The first stage consisted of controlled load tests using 
typical “H” series tests trucks of known load and dimensions.  These tests were conducted on 
20 November and 10 December of 2002.  During these tests, 70 crawl, dynamic, and park 
tests were conducted using “H” series tandem axle trucks.  The second stage involved Long-
term remote monitoring of the prototype orthotropic deck which began in January of 2003.  
During the Long-term remote monitoring portion, data were collected using wireless network 
infrastructure and transmitted through the internet to be stored on servers at the ATLSS 
Engineering Research Center.  Instrumentation of the deck consisted of a total of 88 strain 
gages that were placed at locations deemed necessary by ATLSS personnel.  Of the 88 gages 
installed for the controlled load tests, 24 were selected to be included in the remote 
monitoring program.  
 All testing was conducted by personnel from Lehigh University’s Center for 
Advanced Technology for Large Structural Systems (ATLSS) Engineering Research Center 
located in Bethlehem, Pennsylvania.  
 3
2.0 Background and Summary 
The Bronx Whitestone Bridge located in New York City, NY is currently undergoing 
a major rehabilitation.  A significant portion of this project involves the replacement of the 
existing concrete filled deck with a much lighter steel orthotropic deck.  The new deck 
consists of a series of prefabricated panels that are made continuous with a series of bolted 
and welded transverse and longitudinal splice details in the deck and ribs.  
 
 
Figure 1 – Photograph of Bronx Whitestone Bridge 
indicating location of the prototype test panel 
 
 
The Bronx Whitestone Bridge crosses the East River in New York City and is a steel 
suspension bridge (See Figure 1).  It carries six traffic lanes and has a main span of length 
2300 ft.  The orthotropic deck will be much lighter than the present concrete filled grid deck 
and will help to prolong the life of the bridge.  Orthotropic decks have been used throughout 
the United States and extensively in European countries.  The knowledge and experience 
gained from work with these complex deck systems throughout the years shows that fatigue 
is the critical limit state.  Past investigations related to orthotropic deck systems conducted at 
Lehigh University have indicated the benefits of conducting full-scale laboratory tests on a 
prototype section of the replacement deck panels prior to final design and production of the 
replacement deck panels.  As a result, a laboratory test program, which investigated the 
behavior and fatigue performance of the deck, was carried out at the ATLSS Engineering 
Research Center.  (The results of the laboratory tests conducted on the Bronx-Whitestone 
Bridge are discussed in detail in ATLSS report #02-05 [1]).  Following the laboratory study, 
a two-span prototype panel was installed on the southbound roadway of the bridge at about 
the quarter point of the main span as shown in Figure 1.  The existing roadway was removed 
and the test panel installed in six separate pieces.  Figure 2 is a photograph of a portion of the 
test panel as installed. 
All field instrumentation, controlled load testing, and remote monitoring was 
conducted on the Bronx-Whitestone Bridge conducted between August 2002 and February 
2003.  The prototype deck was instrumented in August of 2002.  Controlled load tests, using 
Location of Prototype Panel 
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a typical “H” series tandem truck, were conducted on the nights of November 20 and 
December 10 of 2002.  Remote monitoring of the deck started on January 24, 2002.  Between 
the time that the final field tests were conducted and the remote monitoring was initiated, the 
ATLSS field testing group evaluated and modified the configuration and performance of the 
equipment that was being used in the remote monitoring period.  This was necessary in order 
to ensure that the data collected would be accurate and that the equipment operated at a high 
level of consistency.  The employment of wireless devices and high-speed Internet access 
raised the question of whether or not the data might be compromised.  Reviewing the data 
collected during the evaluation period showed that the data were consistent.  It was also 
during this period that data collected during the controlled load tests were reviewed and 
critical gages were selected for the remote monitoring phase. 
 
 
 
 
Figure 2 – Photograph of prototype panel installed on southbound roadway 
  
 
 
 
 
Limits of 
test 
panel 
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3.0 Instrumentation 
 The following section describes the instrumentation plan used during the field testing 
of the prototype deck.  There were a total of 88 strain gages monitored during the controlled 
load tests.  Due to the large number of channels to be monitored and limitations of the data 
acquisition system, the controlled load tests were broken into two setups.  During each setup, 
48 channels were recorded.  Eight common channels were maintained to compare identical 
tests between setups.  The common channels are the first eight channels listed in Tables 3.1 
and 3.2.  The total number of channels included in the remote Long-term monitoring program 
was 24.  These gages are listed in Table 3.3.   
 
3.1 Strain Gage Plan 
 “As built” strain gage plans detailing instrumentation installed between floorbeams 
62 and 64 are presented in Appendix A.  Strain gages were placed at locations known to be 
fatigue sensitive based on the results of the laboratory studies and other research on 
orthotropic decks.  Gages were also installed at locations that could be used to establish the 
global and local behavior of the deck and to estimate the weight and configuration of trucks 
crossing the test panel.  Instrumentation was focused on the diaphragm plate due to its 
sensitivity to fatigue and complex behavior.  At several locations, strain gages were installed 
back-to-back on each face of the diaphragm so that in-plane and out-of-plane strain 
components could be calculated. 
 Details pertaining to the instrumentation plan are presented in this section. 
 
3.2 Sensors 
 All strain gages were uniaxial 350-Ohm temperature compensated resistance gages 
produced by Measurements Group Inc.  All were of the weldable type because of ease of 
installation in the field and Long-term durability.  An excitation of ten volts was selected to 
maximize the signal to noise ratio.  Gages were identified using a nomenclature system so 
that their location could be easily identified by the channel name.  This nomenclature system 
is described below.  Tables 3.1 and 3.2 list all the gages used during the controlled load 
testing and a brief description of their location.  
As previously stated, a total of 88 strain gages were installed.  One gage was 
damaged sometime during the erection of the panels.  (Hence, only 87 gages were monitored 
during the controlled load testing.)   
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Test Setup 1 
Wire # Alias Location 
1 R3LP bottom of Rib 3. long. positive moment reg.  
2 R6LP bottom of Rib 6. long. positive moment reg.  
3 R8LP bottom of Rib 8. long. positive moment reg.  
4 R16LP bottom of Rib 16. long. positive moment reg.  
5 FB63TM underside top flange @ mid-length of FB63 
6 FB63BM underside bottom flange @ mid-length of FB63 
7 FB63TQ underside top flange @ quarter-length of FB63 
8 FB63BQ underside bottom flange @ quarter-length of FB63 
9 R3LN bottom of Rib 3. long. negative moment reg.  
10 R6LN bottom of Rib 6. long. negative moment reg.  
11 R8LN bottom of Rib 8. long. negative moment reg.  
12 R16LN bottom of Rib 16. long. negative moment reg.  
13 FB63TE underside top flange @ end of FB63 
14 FB63BE underside bottom flange @ end of FB63 
15 DP3BE underside of deck plate E. of Rib 3 
16 DP4BW underside of deck plate W. of Rib 4 
17 DP4BE underside of deck plate E. of Rib 3 
18 DP6BW underside of deck plate W. of Rib 6 
19 DP6BE underside of deck plate E. of Rib 6 
20 DP7BW underside of deck plate W. of Rib 7 
21 D3-S-1 top right of butterfly diaphragm cutout @ Rib 3,S. face 
22 D3-N-1 top right of butterfly diaphragm cutout @ Rib 3,N. face 
23 D3-S-2 bottom right of butterfly diaphragm cutout @ Rib 3,S. face 
24 D3-N-2 bottom right of butterfly diaphragm cutout @ Rib 3,N. face 
25 D3-S-3 bottom left of butterfly diaphragm cutout @ Rib 3,S. face 
26 D3-N-3 bottom left of butterfly diaphragm cutout @ Rib 3,N. face 
27 D3-S-4 top left of butterfly diaphragm cutout @ Rib 3,S. face 
28 D3-N-4 top left of butterfly diaphragm cutout @ Rib 3,N. face 
29 R3-W-1 ext. wall of Rib 3, above and adj. diaphragm cutout W. face 
30 R3-W-2 ext. wall of Rib 3,below and in line with rib stiffener,W.face 
31 R3-WI-2A int. wall of Rib 3,below and in line with rib stiffener,W. face 
32 R3-WI-2B int. wall of Rib 3,adjacent rib stiffener,W face 
33 R3-E-3 ext. wall of Rib 3,below and in line with rib stiffener,E.face 
34 R3-EI-3A int. wall of Rib 3,below and in line with rib stiffener,E. face 
35 R3-EI-3B int. wall of Rib 3,adjacent rib stiffener,E face 
36 R3-E-4 ext. wall of Rib 3, above and adj. diaphragm cutout E. Face 
37 D4-S-1 top right of butterfly diaphragm cutout @ Rib 4,S. face 
38 D4-N-1 top right of butterfly diaphragm cutout @ Rib 4,N. face 
39 D4-S-4 top left of butterfly diaphragm cutout @ Rib 4,S. face 
40 D4-N-4 top left of butterfly diaphragm cutout @ Rib 4,N. face 
41 R4-W-2 ext. wall of Rib 4,below and in line with rib stiffener,W.face 
42 R4-WI-2A int. wall of Rib 4,below and in line with rib stiffener,W. face 
43 R4-WI-2B int. wall of Rib 4,adjacent rib stiffener,W face 
44 R4-E-3 ext. wall of Rib 4,below and in line with rib stiffener,E.face 
45 R4-EI-3A int. wall of Rib 4,below and in line with rib stiffener,E. face 
46 R4-EI-3B int. wall of Rib 4,adjacent rib stiffener,E face 
47 R16-WI-2A int. wall of Rib 16,below and in line with rib stiffener,W. face 
48 R16-EI-3A int. wall of Rib 16,below and in line with rib stiffener,E. face 
Notes 
1.  All deck plate gages were located mid way between FB63 and the intermediate diaphragm.  
2.  Diaphragm gage locations are given looking south.  
3.  Shaded gages were found to be bad prior to controlled load tests. 
 
Table 3.1 – Channels included in setup number 1 
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Test Setup 2 
Wire # Alias Location 
1 R3LP bottom of Rib 3. long. positive moment reg.  
2 R6LP bottom of Rib 6. long. positive moment reg.  
3 R8LP bottom of Rib 8. long. positive moment reg.  
4 R16LP bottom of Rib 16. long. positive moment reg.  
5 FB63TM underside top flange @ mid-length of FB63 
6 FB63BM underside bottom flange @ mid-length of FB63 
7 FB63TQ underside top flange @ quarter-length of FB63 
8 FB63BQ underside bottom flange @ quarter-length of FB63 
49 D6-S-1 top right of butterfly diaphragm cutout @ Rib 6,S. face 
50 D6-N-1 top right of butterfly diaphragm cutout @ Rib 6,N. face 
51 D6-S-2 bottom right of butterfly diaphragm cutout @ Rib 6,S. face 
52 D6-N-2 bottom right of butterfly diaphragm cutout @ Rib 6,N. face 
53 D6-S-3 bottom left of butterfly diaphragm cutout @ Rib 6,S. face 
54 D6-N-3 bottom left of butterfly diaphragm cutout @ Rib 6,N. face 
55 D6-S-4 top left of butterfly diaphragm cutout @ Rib 6,S. face 
56 D6-N-4 top left of butterfly diaphragm cutout @ Rib 6,N. face 
57 R6-W-2 ext. wall of Rib 6,below and in line with rib stiffener,W.face 
58 R6-WI-2A int. wall of Rib 6,below and in line with rib stiffener,W. face 
59 R6-WI-2B int. wall of Rib 6,adjacent rib stiffener,W face 
60 R6-E-3 ext. wall of Rib 6,below and in line with rib stiffener,E.face 
61 R6-EI-3A int. wall of Rib 6,below and in line with rib stiffener,E. face 
62 R6-EI-3B int. wall of Rib 6,adjacent rib stiffener,E face 
63 D7-S-1 top right of butterfly diaphragm cutout @ Rib 7,S. face 
64 D7-N-1 top right of butterfly diaphragm cutout @ Rib 7,N. face 
65 D7-S-4 top left of butterfly diaphragm cutout @ Rib 7,S. face 
66 D7-N-4 top left of butterfly diaphragm cutout @ Rib 7,N. face 
67 R7-W-2 ext. wall of Rib 7,below and in line with rib stiffener,W.face 
68 R7-WI-2A int. wall of Rib 7,below and in line with rib stiffener,W. face 
69 R7-WI-2B int. wall of Rib 7,adjacent rib stiffener,W face 
70 R7-E-3 ext. wall of Rib 7,below and in line with rib stiffener,E.face 
71 R7-EI-3A int. wall of Rib 7,below and in line with rib stiffener,E. face 
72 R7-EI-3B int. wall of Rib 7,adjacent rib stiffener,E face 
73 D8-S-1 top right of butterfly diaphragm cutout @ Rib 8,S. face 
74 D8-N-1 top right of butterfly diaphragm cutout @ Rib 8,N. face 
75 D8-S-4 top left of butterfly diaphragm cutout @ Rib 8,S. face 
76 D8-N-4 top left of butterfly diaphragm cutout @ Rib 8,N. face 
77 R8-W-2 ext. wall of Rib 8,below and in line with rib stiffener,W.face 
78 R8-WI-2A int. wall of Rib 8,below and in line with rib stiffener,W. face 
79 R8-E-3 ext. wall of Rib 8,below and in line with rib stiffener,E.face 
80 R8-EI-3A int. wall of Rib 8,below and in line with rib stiffener,E. face 
81 D9-S-1 top right of butterfly diaphragm cutout @ Rib 9,S. face 
82 D9-N-1 top right of butterfly diaphragm cutout @ Rib 9,N. face 
83 D9-S-4 top left of butterfly diaphragm cutout @ Rib 9,S. face 
84 D9-N-4 top left of butterfly diaphragm cutout @ Rib 9,N. face 
85 R9-W-2 ext. wall of Rib 9,below and in line with rib stiffener,W.face 
86 R9-WI-2A int. wall of Rib 9,below and in line with rib stiffener,W. face 
87 R9-E-3 ext. wall of Rib 9,below and in line with rib stiffener,E.face 
88 R9-EI-3A int. wall of Rib 9,below and in line with rib stiffener,E. face 
Notes 
1.  All deck plate gages were located mid way between FB63 and the intermediate diaphragm.  
2.  Diaphragm gage locations are given looking south.  
3.  Shaded gages were found to be bad prior to controlled load tests. 
 
Table 3.2 – Channels included in setup number 2 
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Channel 
Name Strain Gage Location Comments 
R16LP Bottom of Rib 16. long. positive moment region  
R6LP Bottom of Rib 6. long. positive moment region  
DP3BE underside of deck plate E. of Rib 3  
DP6BW underside of deck plate W. of Rib 6  
DP7BW underside of deck plate W. of Rib 7  
D3-S-2 Bottom right of butterfly diaphragm cutout @ Rib 3, S. face  
D3-S-4 top left of butterfly diaphragm cutout @ Rib 3, S. face  
D3-N-4 top left of butterfly diaphragm cutout @ Rib 3, N. face  
R3-W-2 Exterior wall of Rib 3, below and in line with rib stiffener, W. face  
R3-WI-2B Interior wall of Rib 3, adjacent rib stiffener, W face  
R3-E-3 Exterior wall of Rib 3, below and in line with rib stiffener, E. face  
R3-EI-3B Interior wall of Rib 3, adjacent rib stiffener, E face  
D4-S1 top right of butterfly diaphragm cutout @ Rib 4,S. face  
D6-N-1 top right of butterfly diaphragm cutout @ Rib 6,N. face  
D6-S-1 top right of butterfly diaphragm cutout @ Rib 6,S. face  
D6-S-2 Bottom right of butterfly diaphragm cutout @ Rib 6,S. face  
D6-N-3 bottom left of butterfly diaphragm cutout @ Rib 6,N. face  
D6-N-4 top left of butterfly diaphragm cutout @ Rib 6,N. face  
R6-W-2 Exterior wall of Rib 6, below and in line with rib stiffener, W. face  
R6-WI-2B Interior wall of Rib 6, adjacent rib stiffener, W face  
R6-EI-3B Interior wall of Rib 6, adjacent rib stiffener, E face  
D7-S-1 top right of butterfly diaphragm cutout @ Rib 7,S. face  
D8-S-4 top left of butterfly diaphragm cutout @ Rib 8,S. face  
D9-S-1 top right of butterfly diaphragm cutout @ Rib 9,S. face  
 
 
Table 3.3 – Strain gages included in remote monitoring program 
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3.3 Rationale for the selected strain gage locations 
 
1. Floorbeam gages- Strain gages were installed on the underside of the top and bottom 
flanges of floorbeam 63 near the west connection to the truss, at mid span, and at the 
quarter point.  The gages were positioned along the longitudinal axis of the floorbeam 
in order to measure the overall bending moments of the floorbeam in response to the 
controlled load tests as well as random traffic.  One of these gages can be seen in 
Figure 3.1.  
 
 
 
 
 
 
Figure 3.1 – Photograph of floorbeam gage 
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Gage 
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2. Transverse Deck Gages- Some orthotropic decks have experienced problems with 
longitudinal deck plate cracking along the rib walls.  Therefore, in order to measure 
the stress ranges generated by passing wheel loads, gages were applied transverse to 
the rib wall on the underside of the deck (See Figure 3.2).  The axis of the gages 
placed on the rib walls were oriented transverse to the direction of traffic.  
 
 
 
Figure 3.2 – Photograph of instrumentation installed on deck plate 
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3. Longitudinal Rib Gages- Strain gages were applied to the bottom of several ribs in the 
positive and negative bending moment regions in order to capture the transverse load 
distribution overall deck response as shown in Figure 3.3.  
 
 
 
 
 
Figure 3.3 – Photograph of installation of longitudinal rib gage 
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4. Diaphragm, Internal and External Rib Wall Gages- Gages were installed on the 
diaphragm and in-line with internal stiffeners to measure stresses at these details (See 
Figure 3.4).  Strain gages were also located within the longitudinal ribs and were 
installed at Kunkin Associates, Inc. on May 20, 2002, during fabrication of prototype 
panels.  The axis of the gages on the diaphragm above the cutout were oriented 
perpendicular to the rib wall, where as the axis for gages below the cutout was 
oriented tangential to the cutout.   
Gages were also located on the south side of the diaphragm directly behind those 
installed on the north side.  Internal rib gages were placed ¾ “below the weld toe of 
the internal stiffeners and were referred to as ‘A’ gages.  The ‘A’ gages were 
positioned to correspond to similar internal gages installed in the laboratory 
specimen.  Gages designated as ‘B’ gages were placed as close as possible to the weld 
toe of the stiffeners and directly adjacent the ‘A’ gages.  Not all ribs were outfitted 
with “B” gages.  External rib wall gages were placed on the outside of the rib directly 
opposite the “A” gages.  Photographs of these gages are shown in Figure 3.4.  See the 
strain gage plans in Appendix A for details.  
 
 
 
Figure 3.4 – Photographs of diaphragm gages, internal rib gages, 
and external rib gages at diaphragm 
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4.0 Field Test Plan – General  
 The following is a description of the test program conducted from November 2002 to 
June 2003.  Both controlled loads tests and uncontrolled monitoring were carried out.  
 It was required that two separate sets of controlled load tests be carried out due to 
time constraints related to lane closures.  The first was conducted on November 20, 2002.  
This test consisted of a series of crawl tests (<5 mph traveling speed), park tests, and 
dynamic tests (approximately 17 mph traveling speed).  As previously stated, due to the large 
number of gages, this test was divided into two setups and the tests repeated during the same 
night.  These tests focused on collecting data with the test truck traveling in lanes 2 and 3 
(middle lane and lane closest to the west truss, respectively).  The second set of tests was 
conducted on December 12, 2002.  This set of tests also consisted of the same two data 
acquisition system setups as the November tests.  However, during the December tests, 
crawl, dynamic and park test were conducted in lanes 1 and 2.   
 Each individual test setup monitored a total of 48 gages.  Each setup included a group 
of eight channels that were common to both.  Thus, continuity of data was provided between 
the separate setups so that comparisons could be made as required.   
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4.1 Test Trucks 
The weights and geometry of the test trucks are summarized in Tables 4.1 and 4.2 
respectively.  The same test truck was used for both sets of controlled load tests.  This truck 
was a tandem axle truck as shown in Figure 4.2.  The truck was provided and loaded by 
Yonkers Construction of New York.  The weight slips provided by the driver for the different 
tests showed very similar GVW’s; 76.08 kips and 76.04 kips for test 1 and 2 respectively.  
The overall geometry of the test truck was similar to that of the H-15 design vehicle.  As 
planned the GVW of the test truck was much greater than the weight of the H-15 test truck as 
shown in Table 4.1.  
 
Truck # GVW (lbs) 
Rear axle 
configuration Dates of Test 
75173 (test1) 76080 Tandem November 20, 2002 
75173 (test2) 76040 Tandem December 10, 2002 
 
Table 4.1 – Test weight data 
 
Truck # L1 L2 Wf Wr A B C D E 
75173 (test1) 153.25 53.5 80.875 78 10.5 9 24.25 10 9 
75173 (test2) 153 55 81.5 77 10 9 25.5 10 9 
 
Table 4.2 – Test truck geometry data in inches 
 
 
Figure 4.1 – Test truck layout 
Wf 
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C 
A 
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L1 L2 
  Wr 
D 
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Figure 4.2 – Photograph of tandem axle test truck used during 
November 20, 2002 testing 
 
 
It should be noted that laboratory tests also simulated rolling axle loads.  However, 
only the rear tandem of a truck was simulated.  The setup used in the lab consisted of two 
truck axles attached to a 12’ by 3’-5” steel platform frame made of beam sections for 
supporting the weight.  The dual wheels were spaced six feet apart in the transverse direction.  
The axles were spaced four feet apart in the longitudinal direction, to simulate a tandem.  The 
wheel spacing and axle configuration were in accordance with Article 3.6.1.2.3 in the current 
AASHTO LRFD specifications for a design tandem axle.  The GVW of the laboratory 
tandem was 52.2 kips.   
 
4.2 Test Program 
Field testing began in November of 2002 with the controlled load testing and was 
completed in December of 2002.  After carefully reviewing the data from the controlled load 
tests, 24 gages were selected to be included in the Long-term remote monitoring program.  
These 24 gages were chosen because relatively large stresses were measured at the given 
location or the gages were useful in defining the overall response of the system to passing 
trucks.  The gages selected for the remote monitoring program consisted of deck plate gages, 
diaphragm gages, and internal and external rib wall gages.  Although a gage was selected 
from each instrumented rib, the majority of the gages monitored were those at ribs three and 
six.   
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4.2.1 Controlled Load Tests 
The controlled load testing program consisted of three different types of tests; crawl 
tests, park tests, and dynamic tests.  Each will be described below.  From the design drawings 
given to ATLSS personnel, careful measurements were made on the deck during each night 
of testing to locate the predetermined locations along which the test truck would travel.  
These locations were marked with bright red reflective tapes (See Figure 4.3) to make it 
easier for the driver of the test truck to find the proper position.  
 
 
 
Figure 4.3 – Demarcation of travel lanes using tape 
 
 
4.2.1.1 Crawl Tests 
 Crawl tests were conducted in order to measure the response of the orthotropic deck 
system to quasi-static rolling loads.  These tests are summarized in Tables 4.3 and 4.4.  For 
this set of tests the trucks traveled less than 5 mph.  As a result, the dynamic effects were 
minimized and the complex behavior of the system could be more easily understood without 
being complicated by dynamic influence.  In addition, there are several gages on the deck 
plate where the stresses are produced by direct application of wheel loads, with little if any 
influence due to the global response of the structural system.  Hence, it is critical to obtain 
the static effect of the rolling loads to understand the behavior of these details. 
 In order to maximize the effect of the wheel loads on the ribs, the crawl tests were not 
only conducted with the test truck in the day-to-day traveling lanes but were also conducted 
with the centerline of a dual wheel positioned directly over the centerline of ribs 3, 4, 8, 10, 
and 16.  Crawl tests were not conducted in the center traveling lane because the lane closure 
procedure did not provide adequate space for this.  The crawl tests were conducted at each 
location either two or three times in order to ascertain the variability associated with the 
behavior of the structural system.  
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Times Conducted Crawl  
Test Setup 1 Setup 2 
Speed Description 
Lane 3 3 2 Crawl Truck centered in outer lane 
Rib 10 3 2 Crawl Left wheels positioned directly over the center line of rib 10 
Rib 3 3 2 Crawl Left wheels positioned directly over the center line of rib 3 
Rib 4 3 2 Crawl Left wheels positioned directly over the center line of rib 4 
Rib 8 3 2 Crawl Left wheels positioned directly over the center line of rib 8 
 
Table 4.3 – List of crawl tests conducted on November 20, 2002  
 
 
Times Conducted Crawl  
Test Setup 1 Setup 2 
Speed Description 
Lane 1 2 2 Crawl Truck centered in inner lane 
Rib 10 3 3 Crawl Right wheels positioned directly over the center line of rib 10 
Rib 16 3 3 Crawl Left wheels positioned directly over the center line of rib 16 
 
Table 4.4 – List of crawl tests conducted on December 12, 2002 
 
 
4.2.1.2 Dynamic Tests 
 Dynamic tests were conducted in order to measure the response on the orthotropic 
deck to dynamic loads.  All dynamic tests are summarized in Table 4.5.  These tests were 
conducted with the truck positioned in the center of each traveling lane used by day-to-day 
traffic.  Dynamic tests were not conducted in the center traveling lane because the lane 
closure procedure did not provide adequate space to conduct this test safely.  The dynamic 
tests were conducted two to three times in each lane to establish the variability in the data.  
Target speeds of 30 mph were desired, however, due to the site and vehicle limitations, the 
maximum speed attained was limited to 17 mph.  
 
 
Times Conducted Dynamic  
Test Setup 1 Setup 2 
Speed Description 
Tests Conducted on November 20, 2002 
Lane 3 3 2 17 mph Truck centered in outer lane 
Tests Conducted on December 12, 2002 
Lane 1 3 2 17 mph Truck centered in inner lane 
 
 
Table 4.5 – List of dynamic tests conducted 
 18
4.2.1.3 Park Tests 
The test truck was parked on the test panel with the centerline of the tandem at each 
floorbeam, the intermediate diaphragm, and the quarter points.  The longitudinal locations of 
the various park tests are illustrated in the gage plans in Appendix A and are denoted by PL1, 
PL2, etc.  The park tests are true static loading tests, with the exception of the influence of 
vehicles passing in the open southbound and northbound travel lanes.  However because the 
vehicle was stationary at each park location, the effect of passing vehicles can be easily 
recognized and eliminated.  The park tests are summarized in Table 4.6.  The results of the 
park tests are not discussed in this report but will be summarized in the Final Report. 
 
 
Times Conducted Park  
Test Setup 1 Setup 2 
Speed Description 
Tests Conducted on November 20, 2002 
Rib 10 1 1 Park 
Rib 3 1 1 Park 
Rib 4 1 1 Park 
Rib 8 1 1 Park 
During the park tests, the centerline of 
the right (or left) tandem was 
positioned at defined longitudinal 
locations directly over the center line of  
the specified rib  
Tests Conducted on December 12, 2002 
Rib 10 1 1 Park 
Rib 16 1 1 Park 
During the park tests, the centerline of 
the right (or left) tandem was 
positioned at defined longitudinal 
locations directly over the center line of  
the specified rib 
 
Table 4.6 – List of park tests conducted 
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4.2.2 Remote Long-term Monitoring 
 The remote Long-term monitoring phase began in February of 2003 and was 
completed in late June 2003.  Measurements were made at select locations while normal 
daily traffic passed over the Bronx-Whitestone Bridge.   
To minimize the volume of data collected, time history data were not collected 
continuously.  Rather, the data acquisition system began recording data when the stresses 
induced by live loads exceeded predetermined triggers in selected gages.  The data 
acquisition system continuously monitored the strains in each gage and maintained a buffer 
of this data until the trigger event.  Hence the trigger event can be captured as well as the 
leading up to and after the triggered event has occurred.   
Stress-range histograms were also developed for all 24 channels using the data 
rainflow cycle-counting method.  The histograms were generated continuously and did not 
operate on triggers, thus all cycles were counted.  The histograms were updated every ten 
minutes.  The stress-range bins were divided into 0.5 ksi intervals and cycles lass than 0.2 ksi 
were not counted.  
 A list of the gages selected for the Long-term monitoring program is provided in 
Table 3.3.  
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5.0 Results of the Controlled Load Tests 
Results of the controlled load testing are discussed in this section.  The effects of the 
vehicle speed and location are considered in characterizing the behavior of the deck.   
The effect of the condition of the wearing surface is not considered in this analysis.  
During the tests conducted on November 20, 2002, the wearing surface had not yet been 
applied to the transverse and longitudinal deck splices nor the lifting lug block-out areas.  
However, during tests conducted on December 12, 2002, the wearing surface had only been 
applied to the longitudinal deck splices.  (i.e., there were very small strips in which there was 
no wearing surface applied.)  Because of the limitations of the lane closures, identical tests 
could not be conducted to determine the effect of the application of the wearing surface to the 
deck splices.  However, the influence of the 3/8 inch thick wearing surface on the welded 
deck plate splices has negligible effect on the behavior at the cutout or ribs.  This is 
especially true since the wearing surface is thin and the effect on dynamic impact and load 
spreading is extremely small. 
 
5.1 Floorbeam Response 
As shown in the gage plans in Appendix A, strain gages were installed on the top and 
bottom flanges of Floorbeam 63.  Strain gages were placed on the floorbeam at midspan, at 
the quarter point, and 5 ft from the centerline of the stiffening girder.  These locations were 
chosen in order to capture the bending moments within the floorbeam as well as to 
investigate the moment distribution along the floorbeam.  The floorbeam details did not 
allow for the placement of strain gages on the centerline since there is a gap between the 
double-angle flange of the built-up plate girder.  (These locations were different from those 
locations used in the laboratory test thus a direct comparison of the laboratory test results 
and field data cannot be made for these gages.)  
Figure 5.1 presents measurements as the test truck passed in lane three (i.e., the lane 
nearest the stiffening truss).  As expected, the peak measured stress ranges are near the 
quarter point and end of the floorbeam and not at the midspan gages.  The smaller stress 
range cycles “riding” on the primary response curve are due to the presence of other vehicles 
on the bridge at the time of the test.  It is noted that the floorbeam top flange gages near 
where the orthotropic deck is bolted to the flange measure considerably less stress than the 
corresponding bottom flange gages.  This is due to the composite action provided by 
orthotropic deck in this region.  Where the orthotropic deck is bolted to the top flange of the 
floorbeam, the neutral axis is higher and top flange stresses are subsequently decreased.  
However, at midspan, the deck connection is not present and hence the neutral axis is closer 
the mid-depth of the floorbeam. 
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Figure 5.1 - Measured stresses in the floorbeam as the test truck passed at crawl speed 
centered in lane three 
 
 
Figure 5.2 presents measured stresses in floorbeam 63 as the test truck passed with 
the left wheels directly over rib ten.  The influence of other vehicles crossing the bridge 
during the testing can be seen in the measurements, most notably at time equal to 50 seconds.   
With the left wheels over rib ten, the wheels were almost directly above the gages 
installed at the quarter span of the floorbeam.  Hence, the maximum stresses are produced in 
the bottom flange in gage FB63BQ.  Similar to the response noted in Figure 5.1, lower stress 
ranges were measured in the top flange gages where the orthotropic deck is directly 
connected to the floorbeam top flange.  Again, this is believed to be the result of the 
composite action between the deck and the floorbeam in these regions.    
 Figure 5.3 presents measurements from the same gages, but with test truck passing in 
the leftmost lane (i.e., lane 1) with the left wheels over the centerline of rib 16.  As expected, 
the maximum stresses were produced in the gages located at the midspan of the floorbeam, 
particularly, gages FB63TM and FB63BM. 
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Figure 5.2 - Measured stresses in the floorbeam as the test truck passed at crawl speed 
with the right wheel centered over rib 10 
 
 
Figure 5.3 - Measured stresses in the floorbeam as the test truck passed at crawl speed 
with the right wheel centered over rib 16 
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The small sinusoidal cycles, most noticeable observed in gages FB63TM and 
FB63BM are the result of small ambient vibrations of the bridge produced by random traffic.  
This observation is confirmed because of the higher frequency of response than produced by 
random traffic and because the top and bottom flanges are opposite in sign.  
 The gages installed near the connection to the stiffening girder (i.e., FB63TE and 
FB63BE) were intended to establish if any negative moment was transferred at the 
connection.  The gages were located 5’-0” from the centerline of the stiffening girder.  The 
measurements consistently demonstrated that the top and bottom flanges were subjected to 
compressive and tensile stress ranges, respectively.  Hence, no significant negative moments 
were developed at the connection to the stiffening girder.  This is expected since the torsional 
stiffness of the stiffening girder is small.   
 The results for all crawl tests were consistent and similar results were obtained.  The 
measured stress ranges in floorbeam 63 are summarized in Table 5.1. 
 
 
 Measured Stress Range (ksi) 
Gage Lane 1 
Lane 
3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Right 
Wheel on 
Rib 10 
Left 
Wheel on 
Rib 16 
FB63TM 2.2 0.6 0.5 0.6 0.8 1.6 2.1 
FB63BM 3.3 0.9 0.9 1.0 1.1 2.4 3.2 
FB63TQ 0.5 0.3 0.3 0.3 0.5 0.7 0.5 
FB63BQ 1.8 1.4 1.4 1.6 1.9 2.3 1.8 
FB63TE 0.9 0.7 0.9 0.6 0.6 0.7 0.9 
FB63BE 0.5 1.2 1.3 1.2 1.0 0.6 0.5 
 
 Table 5.1 – Measured stress ranges in floorbeam 63 
due to passage of test truck in various transverse positions 
 
It is noted that the largest stress range was measured at the mid-span of the floorbeam 
as the test truck passed in lane one, as expected.  The measured stress range due to the test 
truck is well below the CAFL for this riveted member (CAFL category D = 7.0 ksi).  
Although tests were not run with more than one test truck, it is reasonable to assume that 
superposition applies.  If multiple lanes were loaded, it is not likely that the CAFL would be 
exceeded with any significant probability of occurrence. 
Figures 5.1 through 5.3 also demonstrate that the passage of the test truck produced 
one primary stress range cycle.  The effects of individual axles cannot be distinguished in the 
time histories of floorbeam response. 
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5.1.1 Floorbeam Response to Dynamic Tests 
 Due to limitations on the traffic control, dynamic tests could only be conducted safely 
in lanes one and three.  The dynamic tests conducted are summarized in Table 5.2.  The 
maximum speed of the test truck was only about 17 mph.  This was due to both limitations of 
the truck and the length of the traffic control pattern.  
   
 
 
Figure 5.4 - Measured stresses in the floorbeam as the test truck passed during a dynamic test 
(17 mph) with the truck centered in lane three 
 
 
Comparing the results of the crawl tests (Figure 5.1), Figure 5.4 reveals that a slight 
increase in the measured stress range seems apparent due to the increased speed of the test 
truck.  However, most of the smaller cyclic stress range cycles observed are the result of 
vibrations introduced as other vehicles crossed the bridge.  The frequency of the small cycles 
is about 3 Hz for both the crawl and dynamic tests.  (Note that the time scales of Figure 5.1 
and 5.4 are different.)  Hence, the small cycles are not related to the speed of the test truck 
alone, but are present regardless of the truck speed.   
It should be noted though that the speed of the test truck during the dynamic tests was 
rather slow, only about 17 mph.  Hence, very little dynamic amplification is expected at this 
speed.  Interestingly, at the beginning and end of the tests panel, rough joints between the 
new and existing decks were present as a result of transitions to accommodate the different 
deck elevations.  These joints would be expected to produce greater impact forces than 
measured and therefore bias the results of the dynamic data.  However, no significant 
amplifications were observed, which in part is most likely due to the low speed of the tests.   
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Dynamic tests were conducted (up to 35 mph) at higher speeds during the controlled 
load tests conducted on the orthotropic deck installed on the Williamsburg Bridge [2].  These 
tests also indicated that little dynamic amplification was produced as the speed increased as 
long as the wearing surface remains in good condition.  (The wearing surface on the 
Williamsburg Bridge was new at the time of the field testing.)  Hence, once the entire deck 
and wearing surface is installed, the surface will be less likely to introduce any dynamic 
amplification. 
Table 5.2 summarizes the measurements made on the floorbeam for all the dynamic 
tests conducted.  As can be seen, relatively little difference is noted between the crawl test 
data shown in Table 5.1 and results of the dynamic tests shown in  Table 5.2. 
 
 
 
 Measured Stress Range (ksi) 
Gage Lane 1 Lane 3 
FB63TM 2.3 0.8 
FB63BM 3.4 1.2 
FB63TQ 0.5 0.3 
FB63BQ 1.9 1.6 
FB63TE 1.0 0.9 
FB63BE 0.4 1.3 
 
 Table 5.2 – Measured stress ranges in floorbeam 63 
due to passage of the test truck in lanes one and three during dynamic tests 
 
 
5.2 Response of Deck Plate 
 Six uniaxial strain gages were installed transversely on the deck plate 4’-11 ¼” away 
from the diaphragm at floorbeam 63.  The gages were placed adjacent to the longitudinal ribs 
in order to measure transverse stress at the toe of the weld joining the longitudinal ribs to the 
deck plate.  The gages were adjacent to ribs 3, 4, 6, and 7. 
 
5.2.1  Deck Plate Response during Crawl Tests 
 Measurements were made from all gages installed on the deck plate during the crawl 
tests.  Figure 5.5 presents results as the test truck crossed with the right wheels positioned 
directly over rib 3.  As expected, each individual axle produces one significant stress-range 
cycle (i.e., three cycles for this test truck).  Both tensile and compressive stresses are 
produced by each passing wheel as indicated in the Figure.  The rear tandem-axle produced 
two cycles, as shown.  Figure 5.6 presents a more detailed view of the area enclosed by the 
dashed line box. 
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Figure 5.5 - Comparison of response of deck plate gages as  
right wheels of test truck were centered over rib 3 
(Gage names not identified for clarity – see Figure 5.6) 
 
 The response of the deck plate is primarily influenced by local wheel loads and not 
global response of the bridge.  This is readily observable in Figures 5.5 and 5.6.  The center-
to-center spacing for the dual rear wheels was about 78 inches.  The gage on the east side of 
rib 4 (DP4BE) exhibited the lowest stress ranges as expected.  This is because of the location 
of the wheels with respect to the ribs.  With the right wheels positioned directly over rib 3, 
the east side of rib 4 is essentially “straddled” by the axle.  In this position, the left wheel is 
essentially located over the east side of rib six and near rib seven.  Hence, the stresses in the 
deck plate adjacent to the east side of rib six and west side of rib seven are larger than at the 
west side of rib six.  
Similar results were observed for all transverse positions and gages installed on the 
deck plate.  The results of the crawl tests are summarized in Table 5.3.  (The results for the 
test with the test truck over rib 16 are not presented in Table 5.3 since no measurable 
stresses were observed at the instrumented ribs.  The test truck was far away from rib 16 
during these tests.)  It should be noted that Table 5.3 presents the stress-ranges measured as 
the truck passed.  The maximum stress range was not always produced by an individual 
wheel.  For example, the maximum positive stress may have been produced by the front axle, 
while the maximum negative stress was produced by one of the rear wheels.  The maximum 
stress range, as included in Table 5.3 is the peak-to-peak stress range or the difference 
between the maximum and minimum measured stresses. 
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Figure 5.6 - Close up of data presented in Figure 5.5 
(Comparison of response of deck plate gages with 
right wheels of test truck centered over rib 3) 
 
 
 Measured Stress Range (ksi) 
Gage Lane 3 Right Wheel on Rib 3 
Right Wheel 
on Rib 4 
Left Wheel 
on Rib 8 
Left Wheel 
on Rib 10 Lane 1 
DP3BE 4.0 7.1 4.6 0.5 0.2 < 0.5 
DP4BW 4.6 2.2 6.0 1.0 0.3 < 0.5 
DP4BE 4.3 0.8 3.7 3.0 0.4 < 0.5 
DP6BW 2.0 3.6 0.9 2.2 0.7 < 0.5 
DP6BE 4.7 6.3 4.8 0.4 2.7 < 0.5 
DP7BW 4.2 4.2 7.3 0.6 5.7 < 0.5 
 
Table 5.3 - Maximum stress range in deck plate as test truck crawled in various positions 
 
 
5.2.2  Deck Plate Response during Dynamic Tests 
 Tests were conducted with the test truck traveling at speeds of up to 17 mph.  
Although the speed of the truck is rather low, some dynamic amplification could be expected.  
Tests were only conducted with the truck in lane three since this is the normal travel position 
for trucks.  Furthermore, the amount of time traffic lanes could be closed was limited and 
more transverse positions could not be considered. 
 Figure 5.7 presents the results of a dynamic test with the truck traveling in lane three.  
The response is generally the same as that shown in Figure 5.5 for a crawl test with the wheel 
centered over rib 3.  Note though, that the time of the response is much less due to the 
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increased speed of the test truck.  A close up of the response produced by the rear tandem is 
shown in Figure 5.8.  Again, comparing Figure 5.6 with Figure 5.8 shows a very similar 
response and behavior. 
The results of all of the dynamic tests in which the deck plate gages were monitoring 
are summarized in Table 5.4.  Also presented in Table 5.4 is the stress range measured during 
the corresponding crawl test taken from Table 5.3 for comparison. 
 
 
Figure 5.7 - Comparison of response of deck plate gages as  
test truck passes in lane 3 
(Gage names not identified for clarity – see Figure 5.8) 
 
 
As can be seen from Table 5.4, there are significant increases observed between the 
crawl and dynamic test results.  However, there are also some gages that demonstrate a 
decrease in stress range with increasing truck speed.  This most notable is at gages DP6BE 
and DP6BE located adjacent to rib six.  Although some of the increase is attributed to 
dynamic amplification, the decreases in stress range suggest another factor is also influencing 
the measurement.  As previously stated, the stress range at any point in the deck plate is very 
heavily influenced by the transverse position of individual wheels.  During the dynamic tests, 
it was much more difficult to ensure that the test truck was located in the exact same position 
as during the crawl tests.  Hence, greater variability in the data expected.  (This was further 
aggravated due to the fact that the testing was conducted at night with limited lighting 
making difficult for the driver to accurately position the truck during the dynamic testing.) 
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Figure 5.8 - Close up of data presented in Figure 5.7 
(Comparison of response of deck plate gages with 
 test truck passing in lane 3 at 17 mph) 
 
 
 Measured Stress Range (ksi) 
Gage Lane 3 Dynamic 
Lane 3 
Crawl 
Lane 1 
Dynamic 
Lane 1 
Crawl 
DP3BE 4.0 4.0 < 0.5 < 0.5 
DP4BW 8.4 4.6 < 0.5 < 0.5 
DP4BE 4.5 4.3 < 0.5 < 0.5 
DP6BW 0.8 2.0 < 0.5 < 0.5 
DP6BE 3.3 4.7 < 0.5 < 0.5 
DP7BW 7.5 4.2 < 0.5 < 0.5 
 
 Table 5.4 - Maximum stress range in deck plate as test truck  
passed in various positions at speed of 17 mph 
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5.3 Response of Longitudinal Ribs 
 Uniaxial strain gages were installed on selected longitudinal ribs in both the positive 
and negative moment regions.  Specifically, ribs 3, 6, 8, and 16 were instrumented.  The 
gages installed in the positive moment region were included in the “common” gages and 
were monitored for all set ups.  The exact locations of these gages are identified in the detail 
gages plans in Appendix A.   
 
5.3.1 Response of Longitudinal Ribs during Crawl Tests 
5.3.1.1 Positive Moment Region 
 Figure 5.9 presents the response of the positive moment region of the instrumented 
longitudinal ribs.  The gages were located in the northern span of the two-span test panel one 
foot north of the intermediate diaphragm.  For this test, the truck was centered in travel lane 
three and headed south.  In this position, the wheels of the test truck are closest to ribs 3 and 
6.  Hence, the response in these ribs is the greatest as expected.  Also apparent in Figure 5.9 
is that small, though noticeable, peaks are produced as each axle passes over the gaged 
portion of the rib.  This is primarily observed in ribs 3 and 6, although a less pronounced 
effect is also apparent in rib 8.  Figure 5.9 indicates that a single primary stress range cycle is 
produced in the positive moment region of each rib as the test truck passes.  Although 
smaller sub-cycles are produced, their contribution to overall fatigue damage is almost 
negligible.  Similar results were observed for all ribs and all transverse positions considered. 
 
 
 
Figure 5.9 - Response of longitudinal ribs in positive moment region 
as test crawled in lane 3 
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As expected, negative moment is produced as the truck crosses into the north half of 
the two-span unit.  However, rib 16 is consistently subjected to a small positive moment, 
regardless of what span the truck is located.  The reason for this is not entirely known but 
most likely related to transverse load distribution effects and the deflection of the floorbeam.  
(The influence of floorbeam deflections on longitudinal rib response is discussed more fully 
in Section 5.3.1.2)  It must be pointed out that although the observed behavior at rib 16 is 
interesting, it is not of any consequence to the performance of the deck since in the final 
configuration the deck will be continuous over the centerline of the bridge.  It is recognized 
that the response at ribs near the centerline of the bridge will not reflect the final condition 
and the field prototype was not design to study the behavior at this location. 
Figure 5.10 presents the results of the same four gages as the truck passed in lane 1.  
As can be seen the overall positive moment response is similar to that observed in Figure 5.9 
when comparing the response of gage R16LP and R3LP with the truck in lane 1 and 3, 
respectively.  Note though that a much smaller, almost negligible, negative moment is 
produced in rib 16 as the truck crosses into the south half of the two-span panel.   
 
 
 
Figure 5.10 - Response of longitudinal ribs in positive moment region 
as test crawled in lane 1 
 
Overall, the response of the longitudinal ribs in the positive moment region was as 
expected and no unusual behavior was observed.  The measured stress ranges in the positive 
moment region of all ribs for all tests are presented in Table 5.5.  As can be seen, the 
response of the deck is relatively symmetric as the truck moves from lane 3 to lane 1.   
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 Measured Stress Range (ksi) 
Gage Lane 3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Left 
Wheel 
on Rib 10
Left 
Wheel 
on Rib 16 
Lane 1 
R3LP 4.2 4.6 3.8 3.0 1.5 0.3 0.3 
R6LP 4.5 4.7 4.3 4.9 4.0 0.8 0.7 
R8LP 3.5 3.3 3.6 4.7 5.0 1.4 1.3 
R16LP 0.5 0.4 0.5 0.7 1.1 4.6 4.9 
 
 Table 5.5 - Summary of stress ranges in longitudinal ribs in positive moment region 
 
5.3.1.2 Negative Moment Region 
 Ribs 3, 6, 8, and 16 were also instrumented with uniaxial strain gages one foot north 
of floorbeam 63.  The response of ribs 3, 6, and 8 in the negative moment region was 
essentially as expected.  However, rib 16, which is located near mid-span of the floorbeam, 
consistently demonstrated a primarily positive moment response for all load cases except 
when the truck was in lane 1 or when the left wheel were located directly over rib 16.  Even 
in these positions, some positive moment was observed. 
 
 
 
Figure 5.11 - Response of longitudinal ribs in negative moment region with 
right wheels of test truck crawling over rib 10 
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Figure 5.11 presents the response of all ribs as the test truck pass with the right 
wheels located over rib 10.  For this load case, the left wheels were essentially over rib 13.  
As can be seen, a significant positive stress (moment) is produced in rib 16 as well as other 
ribs.  In fact, with the exception of rib 8, the stress range cycle of all instrumented ribs is 
comprised primarily of a positive stress.  Figures 5.12 and 5.13 present the measured stresses 
for the same four ribs as the trucks passed in lane one and three respectively. 
 
 
Figure 5.12 - Response of longitudinal ribs in negative moment region with 
test truck crawling lane 1 
 
 
It is apparent by comparing Figures 5.11 through 5.13 that the response of the deck is 
not symmetric in the negative moment region with the truck near lane one (Figures 5.11 & 
5.12) and lane three (Figure 5.13).  The response of rib 16 with the test truck in lane one is 
rather interesting.  Although a substantial negative moment is developed as the front and then 
rear axles approach the floorbeam, distinct positive stresses are generated in the bottom of 
the rib.  Similar, though not as dramatic behavior, was observed in rib 3 and 6 with the truck 
in lane three (See Figure 5.13).   
The observed positive moment is expected to decrease significantly after the deck is 
made continuous across the centerline of the bridge.  The prototype deck only extends 
halfway across the width of the floorbeam.  Hence, the full composite action between the 
floorbeam and the deck can not be realized.  After the northbound and southbound decks are 
installed and joined, the section and thus stiffness of the floorbeam will increase.  As stated, 
this should considerably reduce the observed behavior.  This observation also illustrates an 
additional advantage of the designer’s choice to ensure the deck is continuous across the 
entire width of the bridge. 
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Figure 5.13 - Response of longitudinal ribs in negative moment region with 
test truck crawling lane 3 
 
 
Nevertheless, since the floorbeam is more flexible in the current condition (i.e., with 
the prototype deck extending only half-way across the bridge), tensile stresses could be 
expected in the bottom of rib 16 as well as adjacent ribs due to the deflection of the 
floorbeam when the truck is in lane one.  Consider the example of a continuous beam (rib) on 
elastic supports.  If a point load were applied directly over the centerline of the support 
(floorbeam) only, a positive moment would be produced in the beam (rib) over the elastic 
support (floorbeam).  However, on the deck, the load is moving and is directly over the 
floorbeam for only an instant.  At all other load positions, a negative moment and a positive 
moment (due to the deflection of the floorbeam) are generated in the beam (rib).  The 
addition or superposition of these two moments produces the final stress condition in the rib.  
Since the floorbeam deflects or “settles” least near the stiffening truss (compared to 
midspan), larger negative moments are produced.  (It is recognized that, to a certain extent, 
some of the floorbeam deflection is rigid body movement due to the deflection of the main 
cables as the axle is placed directly over the floorbeam.  However, in the presence of the 
stiffening truss, this effect is believed to be small.  It is noted that after the removal of the 
stiffening truss, the effect may increase.)  Table 5.6 summarizes the measured stress ranges in 
the negative moment region of the instrumented ribs.   
Again it is emphasized that the observed behavior of the floorbeam and at rib 16 in 
the present configuration does not represent the final condition.  The above discussion is 
presented as a matter of interest so that the reader understands the cause for the observed 
behavior. 
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 Measured Stress Range (ksi) 
Gage Lane 3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Left 
Wheel 
on Rib 10
Left 
Wheel 
on Rib 16 
Lane 1 
R3LN 2.5 3.5 1.8 1.0 0.6 0.5 0.5 
R6LN 2.8 3.7 2.1 2.0 1.7 1.0 1.0 
R8LN 1.5 1.3 1.6 3.9 2.2 1.2 1.2 
R16LN1 0.8 0.8 0.8 1.0 1.2 2.8 2.9 
Notes 
1. The response at rib 16 is presented for information only.  The observed behavior and measured stress ranges will 
be much different (lower) in the final condition when the deck is continuous across the width of the bridge. 
 
Table 5.6 - Summary of stress ranges in longitudinal ribs in negative moment region 
 
 
It is interesting to note that on the Williamsburg Bridge, it was observed that for 
lighter trucks, the GVW and proportion of axle loads was such that rib curvature (and 
therefore negative moment), was low and did not dominate.  As a result, a positive moment 
was produced in the rib due to the deflection or “settling” of the floorbeam.  However, for 
heavier trucks, the GVW and proportion of axle loads was such that the rib curvature 
dominated the response and the effect of the deflecting floorbeam was overshadowed.  Only 
small stress reversals were produced.   
 
5.3.2 Response of Longitudinal Ribs during Dynamic Tests 
5.3.2.1 Positive and Negative Moment Regions 
 Figure 5.14 presents measurements made in the longitudinal ribs in the positive 
moment region during a typical dynamic test.  The test truck was positioned in lane three 
during this test.  Comparing Figure 5.14 with the crawl test in Figure 5.9, it can be seen that 
the response is essentially identical ignoring the difference in the time scale.  Overall, no 
unusual behavior was observed during any of the dynamic tests and the response was similar 
to the corresponding crawl test.  The measured stress ranges for both the positive and 
negative moment regions are summarized in Table 5.7.  The results of the corresponding 
crawl tests are also included in Table 5.7 for comparison.  As can be seen, both slight 
increases and decreases in measured stresses were observed.  Hence, it cannot be said with 
confidence that the measured stress ranges increased due to dynamic amplification.  
However, it is noted that the speed of the test truck was only 17 mph and significant dynamic 
amplification would not be expected at that speed. 
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Figure 5.14 - Response of longitudinal ribs in positive moment region with 
the test truck traveling in lane 3 at 17 mph 
 
 
 
 
 Measured Stress Range (ksi) 
Lane 3 Lane 1 Gage 
Crawl Dynamic Crawl Dynamic 
R3LP 4.2 4.1 0.3 0.3 
R6LP 4.5 4.7 0.7 0.8 
R8LP 3.5 3.8 1.3 1.5 
R16LP 0.5 0.5 4.9 4.6 
R3LN 2.5 2.0 0.5 0.5 
R6LN 2.8 2.4 1.0 1.0 
R8LN 1.5 1.5 1.2 1.2 
R16LN 0.8 0.9 2.9 2.8 
 
Table 5.7 - Comparison of stress ranges in longitudinal ribs in positive and moment regions 
during crawl and dynamic tests (test truck traveling at 17 mph) 
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5.4 Response of Diaphragm Plate Cutout 
 The focus of the laboratory and field studies was the behavior of the diaphragm plate 
at the connection to the longitudinal ribs.  Most of the instrumentation installed on the field 
prototype was located on the diaphragm plate near the cutout.  The instrumentation adjacent 
to the diaphragm cutout and on the ribs near the cutout was positioned in the same location as 
the laboratory prototype specimen.  However, as will be discussed in Section 6, a direct 
comparison of the results from the field prototype and laboratory prototypes can be easily 
made.   
 Ribs 3 and 6 were the most heavily instrumented and will be the focus of the 
discussion.  However, the response at all instrumented ribs will be presented as required to 
explain the behavior.  
  
5.4.1 Response of Diaphragm Plate Cutout during Crawl Tests 
5.4.1.1 Upper Portion of Cutout 
 In contrast to the behavior at the lower portion of the cutout, the response of the upper 
portion of the cutout is generally dominated by the out-of-plane stress component in most 
cases.  This observation is expected since there is no continuous interior bulkhead within the 
rib.  Hence, significant in-plane diaphragm stresses cannot be developed.   
The exception to this was at rib 3 where in-plane stresses were equal to the out-of-
plane stresses for certain load cases.  This observation seemed to occur at rib 3 regardless of 
the transverse position of the test truck and is attributed to the larger horizontal shear demand 
on the diaphragm plate near the edge of the deck.  (This shear force can be visualized by 
thinking of the portion of the diaphragm between the ribs as a tooth that is loaded in the 
plane of the diaphragm.  The shear loading arises from the deck and floorbeam trying to act 
compositely due to compatibility between the two connected components.  The shear force 
created is largest at the edges of the deck.  The same is true in any composite beam and is 
why shear studs are often place closer together near the end of the beam.)  However the 
magnitude of the total stress range was relatively low from a fatigue standpoint.  The 
measurements made at all gages installed at the upper portion of the cutout are summarized 
in Table 5.8. 
Although in-plane stresses are not developed, out-of-plane stresses are generated as 
the rib rotates and displaces the diaphragm plate.  This aspect of the behavior is not greatly 
influenced by the presence (or lack thereof) of an internal bulkhead plate as it is directly 
related to rib stiffness.  It must be noted that although the response is dominated by the out-
of-plane response in many instances, the magnitude of the stresses were low for all load cases 
and for all instrumented ribs at this location.   
 Figure 5.15 presents the response at rib 3 as the right wheels of the test truck passed 
directly over the rib.  Specifically, the gages installed on both faces of the diaphragm of each 
upper cutout are plotted.  As can be seen, the test truck produces both compressive and 
tensile stresses for this load case in all gages.  The effects of the rear axles are easily 
identified in the Figure.  Although more difficult to distinguish, the effects of the front axle 
can also be made out.  This is apparent in channel D3_S&N_4 as small “bumps”.  The effect 
in channels D3_S&N_1 is somewhat different and is identified by the abrupt step-like 
changes in stress that occur as the axles pass.  These effects are identified in Figure 5.15.  
The effects of the axles were identified by comparing the response of the diaphragm gages to 
that from nearby gages installed on the deck plate.  As previously discussed, the deck plate 
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gages are very sensitive to wheel loads.  Hence, by plotting the diaphragm response with that 
from one of the deck plate gages, the time when and axle crosses the diaphragm can be 
identified.    
 
 
 Measured Stress Range (ksi) 
Gage Lane 3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Left 
Wheel 
on Rib 10
Left 
Wheel 
on Rib 16 
Lane 1 
D3_S_1 2.9 3.9 2.4 1.3 1.2 0.8 0.8 
D3_N_1 1.5 2.3 1.2 1.0 0.9 0.4 0.4 
D3_S_4 2.6 3.3 2.1 1.4 1.4 0.8 0.9 
D3_N_4 2.4 2.6 2.4 1.4 1.1 0.8 0.8 
D4_S_1 3.8 1.9 4.8 2.8 2.1 1.1 1.1 
D4_N_1 3.3 1.8 3.7 2.4 1.9 1.0 1.0 
D4_S_4 3.4 2.1 4.6 2.4 1.9 0.9 0.9 
D4_N_4 3.0 2.2 3.9 2.7 2.0 1.0 1.1 
D6_S_1 Note 1 6.3 3.5 3.4 3.3 1.5 1.5 
D6_N_1 Note 1 5.6 2.8 2.9 2.5 1.2 1.3 
D6_S_4 Note 1 5.0 3.1 3.3 2.5 1.4 1.3 
D6_N_4 Note 1 5.4 2.9 2.7 2.4 1.3 1.4 
D7_S_1 Note 1 3.7 3.8 2.8 4.2 1.6 1.7 
D7_N_1 Note 1 3.7 3.8 2.7 4.0 1.5 1.5 
D7_S_4 Note 1 3.9 4.3 3.0 4.1 1.8 1.8 
D7_N_4 Note 1 4.2 4.3 3.0 4.6 1.9 2.0 
D8_S_1 Note 1 3.8 2.5 4.5 3.3 2.3 2.4 
D8_N_1 Note 1 3.3 2.4 4.0 2.9 2.0 2.0 
D8_S_4 Note 1 5.5 4.2 5.9 5.1 3.4 3.4 
D8_N_4 Note 1 5.6 3.6 5.5 4.7 3.3 3.4 
D9_S_1 Note 1 5.1 3.2 4.2 5.0 3.8 4.0 
D9_N_1 Note 1 5.0 3.3 4.4 4.7 3.6 3.7 
D9_S_4 Note 1 4.7 3.1 4.3 4.5 3.6 3.5 
D9_N_4 Note 1 4.2 2.4 3.0 3.5 3.1 3.3 
 
 Notes: 
1. Tests were not conduced with the test truck in lane three for this setup 
 
Table 5.8 - summary of stress ranges at upper portion of cutout for various crawl tests 
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Figure 5.15 - Response of diaphragm plate at both upper cutouts of rib 3 as test truck passed 
at a crawl speed with the right wheel over rib 3 
 
 
The response of the diaphragm plate near the cutout is rather difficult to interpret 
when looking at the “raw” stress time history plots alone.  However, plotting the in-plane and 
out-of-plane components allows for much easier interpretation of the behavior.  The data will 
be plotted in this format to aid in the understanding of the behavior of the diaphragm. 
Figure 5.16 is a plot of the in-plane and out-of-plane components from channels 
D3_S&N_1.  As can be seen, the magnitudes of the in-plane and out-of-plane stress ranges 
are essentially the same.  And the response is consistent with the laboratory and analytical 
models. 
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Figure 5.16 - In-plane and out-of-plane response of diaphragm plate at  
D3_S&N_1 with right wheels over rib 3 
 
 
5.4.1.2 Longitudinal Rib Wall Near the Upper Portion of Cutout 
The longitudinal stress on the face of the rib wall on the north side of the diaphragm 
was measured at rib 3.  Gages R3-E-4 and R3-W-1 were installed adjacent to the rib-to-
diaphragm weld on each face of the rib on the north side of the diaphragm.  The response 
from R3_E_4 is plotted with the in-plane and out-of-plane response from gages D3_S&N_4 
in Figure 5.17.   
 First, note the response of R3_E_4 when the in-plane stresses are near zero (i.e., t = 
35 to 41 sec & t = 62 to 70 sec).  At these times, the response of R3_E_4 is in tension or the 
same sign as D3_N_4OP, the out-of-plane bending stress component on the north face of the 
diaphragm.  The response of R3_E_4 is also heavily influence by the in-plane response of the 
diaphragm as expected.  This is the punching or “oil canning” effect in the rib wall which 
occurs due to the in-plane component applied by the diaphragm.  However, as noted, when 
the in-plane component is zero, there is no stress component which will produce pure oil-
canning of the rib wall applied by the diaphragm.  However, small in-plane stresses will be 
generated in the diaphragm due to small distortions of the rib wall.  Thus, the measured 
stresses are primarily the result of the diaphragm bending the rib wall. 
 From time t = 42 to about 47 seconds, the in-plane response and out-of-plane 
response are additive on the north face of the diaphragm (i.e., same sign) and therefore place 
a larger demand on the rib wall as evident by the greater stress magnitude (in compression) in 
the rib wall.  However, note the response of R3_E_4 from time t = 47 to about 52 seconds.  
During this portion of the stress cycle, out-of-plane bending stresses on the north face of the 
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diaphragm and the in-plane stresses are not additive.  As a result, the stress in R3_E_4 
decreases.  (In other words, although the in-plane stress in the diaphragm is pushing the rib 
wall inward, it is also being bent outward on the north side of the diaphragm due to the 
change in the direction of the rib rotation as the axles pass.)  It is also interesting to note that 
when there are distinct peaks (say due to passing wheel loads) in the in-plane stress in the 
diaphragm plate corresponding peaks occur in the rib wall due to the oil-canning effect 
previously discussed. 
 
 
 
Figure 5.17 - In-plane and out-of-plane response of diaphragm plate at 
D3_S&N_4 and longitudinal rib wall response with right wheels over rib 3 
 
 
In summary, the measurements of the vertical stresses on the rib wall were all very 
low and no problems with respect to fatigue would be expected at this location.  The 
measured stress range for each gage is summarized in Table 5.9. 
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 Measured Stress Range (ksi) 
Gage Lane 1 
Lane 
3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Right 
Wheel on 
Rib 10 
Left 
Wheel on 
Rib 16 
R3_W_2 0.7 1.4 1.1 1.6 0.9 0.7 0.6 
R3_WI_2A Note 2 0 0 0 0 Note 2 Note 2 
R3_WI_2B Note 2 2.7 1.7 3.2 2.6 Note 2 Note 2 
R3_E_3 0.7 3.7 3.4 2.9 1.5 0.7 0.4 
R3_EI_3A 1.2 1.5 1.5 2 1.2 1.5 1.3 
R3_EI_3B 1.5 2.1 2.2 2.5 1.7 1.9 1.6 
R4_W_2 0.7 2.9 1.9 2.6 1.4 0.8 0.9 
R4_WI_2A 1.0 3.1 3.1 2.8 1.7 1.1 0.9 
R4_WI_2B 1.4 4.5 4.3 4.1 2.4 1.5 1.2 
R4_E_3 0.3 0.8 1.2 2.0 2.0 0.5 0.6 
R4_EI_3A 1.4 1.1 1.4 1.6 1.6 1.6 1.3 
R4_EI_3B 1.3 1.2 1.3 1.7 1.6 1.5 1.3 
R6_W_2 0.7 1.7 1.2 1.9 1.0 1.0 
R6_WI_2A 0.8 3.2 1.6 1.7 1.1 0.9 
R6_WI_2B 1.0 3.9 2.0 1.9 1.5 1.1 
R6_E_3 0.4 2.5 1.3 1.2 0.8 0.4 
R6_EI_3A 1.2 2.1 0.6 1.0 1.5 1.2 
R6_EI_3B 1.4 2.6 2.0 1.9 1.8 1.5 
R7_W_2 0.9 1.4 2.2 1.0 1.8 0.8 
R7_WI_2A 0.8 1.1 2.2 1.3 1.3 0.8 
R7_WI_2B  2.1 2.4 1.4 Note 2 Note 2 
R7_E_3 0.4 2.0 1.7 0.9 0.7 0.3 
R7_EI_3A 1.2 1.9 2.3 0.8 1.2 1.6 
R7_EI_3B 1.1 1.3 2.1 0.7 1.1 1.0 
R8_W_2 0.8 0.7 1.5 1.5 0.9 0.7 
R8_WI_2A 0.7 1.4 0.5 2.3 1.1 0.6 
R8_E_3 0.3 
Note 1 
1.1 0.9 2.1 0.8 0.3 
R8_EI_3A Note 2 
R9_W_2 0.8 Note 1 1.2 0.8 1.9 1.1 0.5 
R9_WI_2A Note 2 
R9_E_3 0.7 Note 1 0.8 0.7 1.6 2.6 0.5 
R9_EI_3A 1.1 Note 1 1.2 0.8 1.7 0.8 0.7 
Notes 
1. This lane position not tested during second setup. 
2. Gage not operational for this test. 
 
Table 5.9 – Measured vertical stresses on the rib wall 
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5.4.1.3 Vertical Rib Wall Adjacent to Rib-to-diaphragm Weld 
 Uniaxial gages were also positioned vertically on the rib wall in-line with the 
diaphragm plate below and adjacent to the rib-to-diaphragm weld.  One of these gages is 
shown in Figure 5.18 prior to the protective coatings being applied.  A corresponding gage 
was also placed within the rib directly behind the gage shown in Figure 5.18, near the end of 
the internal stiffener.  Thus, in-plane and out-of-plane stresses due to oil canning of the rib 
wall could be measured.   
 The response of these gages was quite complex and varied considerably for different 
load conditions.  Similar to the gages on the diaphragm plate, it is easier to look at the in-
plane and out-of-plane components at these gages.  Depending on the lane position of the 
truck and the side of the rib considered either in-plane or out-of-plane stress components 
dominated the response.   
  
 
Figure 5.18 Photograph of vertical gage mounted on rib wall 
adjacent to rib-to-diaphragm weld 
 
 
For example, Figure 5.19 presents the response at gages installed on the diaphragm 
on the east side of rib 4 as the truck passed with the right wheels over rib 3.  Gages R3_W2 
and R3_WI_2A were located on the outside and inside of rib 3 just below the interior rib 
stiffener respectively (for the exact locations of these gages, see the detailed gage plans).  In 
this position, the inside edge of the rear wheels were over the east rib wall of rib 4.  It is clear 
that the response is dominated by in-plane stresses and that out-of-plane stresses are only 
about 20% of the in-plane response.   
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Figure 5.19 - Response of vertical rib wall gages at cutout on east side of rib 3 truck in lane 3 
 
 
 
 
Figure 5.20 - Response of vertical rib wall gages at cutout on east side of rib 3  
with the left wheels of test truck over rib 8 
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However, contrasting the response presented in Figure 5.20 with that shown in Figure 
5.19 illustrates a very different response.  For this test, the left wheels of the test truck were 
positioned over rib 8.  In this position, the right wheels are roughly centered over rib 5.  As 
can be seen, the response, though less in total magnitude, is dominated by out-of-plane 
components.  Similar variations in behavior were observed for all ribs depending on the 
transverse position of the test truck.  The measured stress range at all gages positioned 
vertically on the rib wall adjacent to the rib-to-diaphragm weld, are summarized in Table 
5.10.  (The ‘A’ and ‘B’ gages are all located inside of the ribs.) 
 
 
 Measured Stress Range (ksi) 
Gage Lane 3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Left 
Wheel 
on Rib 10
Left 
Wheel 
on Rib 16 
Lane 1 
R3_W_2 1.4 1.1 1.7 1.0 0.8 0.6 0.7 
R3_WI_2A Bad Gage 
R3_WI_2B 2.7 1.7 3.3 2.6 1.7 Bad Gage 
R3_E_3 3.7 3.4 2.9 1.5 1.1 0.4 0.4 
R3_EI_3A 1.7 1.5 2.2 1.2 1.5 1.2 1.3 
R3_EI_3B 2.4 2.2 2.8 1.7 1.8 1.4 1.5 
R4_W_2 2.9 1.7 2.6 1.4 1.0 0.7 0.7 
R4_WI_2A 3.1 3.2 2.9 1.8 1.4 0.9 1.0 
R4_WI_2B 4.5 4.4 4.1 2.4 1.9 1.1 1.5 
R4_E_3 0.8 1.1 2.0 2.1 1.0 0.6 0.3 
R4_EI_3A 1.1 0.9 1.6 1.7 1.7 1.3 1.4 
R4_EI_3B 1.2 0.8 1.7 1.6 1.6 1.2 1.3 
R6_W_2 Note 1 1.7 1.2 1.9 1.4 0.7 0.7 
R6_WI_2A Note 1 3.2 1.6 1.7 2.0 0.8 0.8 
R6_WI_2B Note 1 3.9 2.0 2.0 2.7 1.1 1.0 
R6_E_3 Note 1 2.4 1.3 1.3 1.9 0.4 0.3 
R6_EI_3A Note 1 2.2 0.6 1.0 0.9 1.1 1.1 
R6_EI_3B Note 1 2.7 0.8 1.6 1.4 1.3 1.3 
R7_W_2 Note 1 1.9 2.2 1.0 1.7 0.8 0.9 
R7_WI_2A Note 1 1.4 2.3 1.3 2.8 0.8 0.8 
R7_WI_2B Note 1 1.4 2.4 1.4 3.0 Bad Gage 
R7_E_3 Note 1 1.1 1.7 0.9 2.0 0.3 0.4 
R7_EI_3A Note 1 2.2 2.3 0.8 1.7 1.2 1.3 
R7_EI_3B Note 1 2.1 2.1 0.8 1.6 1.0 1.1 
R8_W_2 Note 1 1.9 1.5 1.5 0.9 0.7 0.9 
R8_WI_2A Note 1 1.3 0.5 2.3 1.1 0.7 0.7 
R8_E_3 Note 1 0.7 0.9 2.1 0.9 0.3 0.3 
R8_EI_3A Bad Gage 
R9_W_2 Note 1 1.2 0.8 1.9 1.1 0.6 0.7 
R9_WI_2A Bad Gage 
R9_E_3 Note 1 0.8 0.7 1.6 1.2 0.5 0.5 
R9_EI_3A Bad Gage 
Notes: 
1. Tests were not conduced with the test truck in lane three for this setup 
 
 Table 5.10 - Summary of measured stress ranges at gages  
positioned vertically on rib wall adjacent to rib-to-diaphragm weld 
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5.4.1.4 Lower Portion of Cutout 
 The greatest stresses measured in the region of the cutout were at the lower portion of 
the cut.  This observation is also consistent with the laboratory testing and analytical models.  
The response at this location is dominated by in-plane stresses at the instrumented ribs (i.e., 
ribs 3 and 6).  This was true for all transverse positions considered during the field testing.  
The sign of the in-plane stress component was opposite on each side (east or west) of the 
cutout as expected.  The primary portion of the stress cycle was tension on the west side and 
compression on the east side.  This was also consistent for both rib 3 and rib 6 and for all 
transverse positions considered.   
 Figure 5.20 presents measured stresses at both sides of the lower cutout from rib 3 as 
the test truck passed in lane 3.  Specifically, the results from gages D3_N&S_2 and 
D3_N&S_3 are plotted.  Note that the magnitudes of stress are opposite in sign at each side 
(east and west) of the cutout.  In addition, the magnitude of the stress on each side is nearly 
the same indicating the stresses are primarily in-plane in nature.  In order to further confirm 
this, the in-plane and out-of-plane stress components are plotted based on the results from 
gages D3_S_3 and D3_N_3 in Figure 5.21.  As can be seen, the in-plane stresses are by far 
the dominant component of the stress range cycle and the out-of-plane components are nearly 
negligible for this load case.  Nearly the same results were observed in the diaphragm at rib 
6.  The measured stress ranges for all gages installed at the lower cutout are summarized in 
Table 5.11. 
 
 
 
Figure 5.21 - Typical in-plane and out-of-plane response at lower portion of cutout 
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 Measured Stress Range (ksi) 
Gage Lane 3 
Right 
Wheel on 
Rib 3 
Right 
Wheel on 
Rib 4 
Left 
Wheel on 
Rib 8 
Left 
Wheel 
on Rib 10
Left 
Wheel 
on Rib 16 
Lane 1 
D3_S_2 5.7 4.9 7.4 6.2 6.2 4.9 5.2 
D3_N_2 5.1 4.1 6.2 5.8 5.7 4.7 4.8 
D3_S_3 9.9 7.7 9.3 5.9 5.6 4.4 4.8 
D3_N_3 9.7 7.6 9.6 5.5 5.3 4.1 4.7 
D6_S_2 Note 1 6.4 2.4 2.0 4.5 3.6 3.7 
D6_N_2 Note 1 5.0 1.6 1.6 3.4 3.1 3.1 
D6_S_3 Note 1 8.2 4.7 3.0 6.9 3.9 3.8 
D6_N_3 Note 1 8.1 5.0 3.0 6.9 3.7 3.6 
Notes: 
1. Tests were not conduced with the test truck in lane three for this setup 
 
Table 5.11 - Summary of stress ranges at lower portion of cutout 
 
 
The proportions of in-plane and out-of-plane stress ranges are summarized in Table 
5.12.  It should be noted that the numbers in the Table correspond to the magnitude and 
percentage of the stress range cycle contributed by the out-of-plane portion of the cycle.  As 
can be seen, the percentage of out-of-plane stresses is low when the total stress range cycle is 
high (i.e., when the in-plane portion of the cycles is high.)  The contribution from the out-of-
plane portion is more noticeable when the in-plane portion of the cycle is low, say around 2.5 
ksi or less. 
 
 
Lane 3 Right Wheel over Rib 3 
Right Wheel 
over Rib 4 Stress Component Loc. Channel 
ksi %1 ksi %1 ksi %1 
In-Plane D3_S&N_2 5.4 - 2.7 - 6.6 - 
Out-of-Plane D3_S_2 0.4 7% 0.7 25% 0.6 8% 
Out-of-Plane 
Rib 3  
East 
D3_N_2 0.4 7% 0.7 25% 0.6 8% 
In-Plane D3_S&N_3 9.7 - 6.5 - 9.2 - 
Out-of-Plane D3_S_3 0.5 5% 0.4 6% 0.6 6% 
Out-of-Plane 
Rib 3 
West 
D3_N_3 0.5 5% 0.4 6% 0.6 6% 
In-Plane D6_S&N_2 Note 2 Note 2 5.5 - 1.9 - 
Out-of-Plane D6_S_2 Note 2 Note 2 1.1 20% 0.6 31% 
Out-of-Plane 
Rib 6 
East 
D6_N_2 Note 2 Note 2 1.1 20% 0.6 31% 
In-Plane D6_S&N_3 Note 2 Note 2 8.1 - 4.8 - 
Out-of-Plane D6_S_3 Note 2 Note 2 0.8 10% 0.5 10% 
Out-of-Plane 
Rib 6 
West 
D6_N_3 Note 2 Note 2 0.8 10% 0.5 10% 
Notes: 
1. Ratio of the out-of-plane stress range to the in-plane stress range expressed as a percent. 
2. Tests were not conduced with the test truck in lane three for this setup 
 
 
Table 5.12- Calculated in and out-of-plane stress ranges in diaphragm plate  
adjacent to lower portion of cutout 
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 The larger increase in the proportion of the out-of-plane stress range in the diaphragm 
plate is related to the rotation of the longitudinal ribs.  Whether a rib is located toward the 
inside or outside of the deck, the amount each rib is rotated is about the same when subjected 
to the same load.  This is because the relative stiffness and boundary conditions for each 
individual closed rib is essentially the same.  Hence, ribs directly under a wheel load rotate 
nearly the same amount at the floorbeam regardless of the transverse position of the rib.  
Since the diaphragm plate is attached to the rib at the floorbeam, it is also forced to rotate 
with the rib and produce out-of-plane stresses consistent with the magnitude of the rotation.  
Comparing the response of the ribs listed in Table 5.12, it can be seen that the magnitude of 
the out-of-plane stress range component at each rib is comparable for each location and load 
case.  This further implies that the bending moment and rotation would also be similar.  
However, the magnitude of in-plane stress component in the diaphragm plate at changes 
considerably as the truck is positioned in different lanes.  Thus, although the magnitude of 
the out-of-plane stress range actually remains about the same, its contribution in the total 
stress-range cycle varies. 
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6.0 Results of Remote Long-term Monitoring 
Remote Long-term monitoring of selected strain gages was conducted over a period 
of six months beginning in early February of 2003 and ending in mid June of 2003.  The 
Long-term monitoring program produced a large volume of time history data at several 
locations.  In addition, stress-range histograms were developed at 24 different locations.  The 
gages included in the Long-term monitoring program are listed in Table 6.1. 
The results of the Long-term monitoring are discussed in this chapter.  The data from 
the triggered time histories for each element monitored are still being analyzed in order to 
estimate the GVW and configuration of heavy trucks crossing the bridge.  The results of this 
analysis will be included in the Final Report. 
 
  
Channel Locations Channel Location 
R16LP Pos. mom. region of rib 16 D4-S-1 Diaphragm at rib 4 upper cutout 
R6LP Pos. mom. region of rib 6 D6-N-1 Diaphragm at rib 6 upper cutout 
DP3BE Deck plate adj. to east side rib 3 D6-S-1 Diaphragm at rib 6 upper cutout 
DP6BW Deck plate adj. to west side rib 6 D6-S-2 Diaphragm at rib 6 lower cutout 
DP7BW Deck plate adj. to west side rib 7 D6-N-3 Diaphragm at rib 6 lower cutout 
D3-S-2 Diaphragm at rib 3 lower cutout D6-N-4 Diaphragm at rib 6 upper cutout 
D3-S-4 Diaphragm at rib 3 upper cutout R6-W-2 External vert. gage at west face rib 6 
D3-N-4 Diaphragm at rib 4 upper cutout R6-WI-2B Internal vert. gage at west side rib 6 
R3-W-2 External vert. gage at west face rib 3 R6-EI-3B Internal vert. gage at east side rib 6 
R3-WI-2B Internal vert. gage at west side rib 3 D7-S-1 Diaphragm at rib 7 upper cutout 
R3-E-3 External vert. gage at east face rib 3 D8-S-4 Diaphragm at rib 8 upper cutout 
R3-EI-3B Internal vert. gage at east side rib 3 D9-S-1 Diaphragm at rib 9 upper cutout 
 
Table 6.1 – Summary of gages included in Long-term monitoring program 
 
 
6.1 Summary of Long-term Monitoring data 
 The “infinite-life” fatigue design philosophy requires that essentially all the stress 
ranges are less than the CAFL.  This philosophy is based on variable-amplitude fatigue tests 
on full-scale girders with welded details, which show that if less than 1:10,000 cycles exceed 
the CAFL, then essentially infinite life is obtained [3]. This “infinite-life” approach is the 
basis of provisions in the AASHTO LRFD Specifications.  The percentage of trucks 
exceeding the CAFL is also presented in Table 6.3.  As is apparent in Table 6.3, a very small 
number of stress-range cycles exceeded the constant-amplitude fatigue limit at any of the 
details.  For almost all locations, the CAFL was never exceeded during the study.  As shown 
in Table 6.3, only one location, DP7BW, was demonstrated to exceed this limit of 0.01%.  
Hence, it is the only location that is listed as having a finite fatigue life.   
 Also included in Table 6.3 are the maximum stress measured during the controlled 
live load tests for all lane positions.  As can bee seen, in almost every case, the controlled test 
truck produced stress ranges greater than the effective stress range.  This is expected since 
the test truck, which weighed about 76 kips, is near the legal load limit.  Furthermore, the test 
truck is a short “H” type vehicle which concentrates the load.  Also included in the table is 
the ratio of the maximum stress range measured during the controlled loads to the effective 
stress range.  As can be seen, the ratio is less than observed.  Ignoring the few data which are 
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less than 1.0, the average ratio is about 1.6.  Comparing this ratio to the data from the Long-
term monitoring (i.e., Sreff/Srmax), it is clear that the random variable spectrum consistently 
produces larger stress ranges, although at a very low frequency.  The above confirms that 
conducting the laboratory fatigue tests at stress ranges greater than twice that produced by the 
CAFL (which is the upper limit implied by the AASHTO LRFD Bridge Design Specifications) 
was prudent and justified.   
The data indicate that the deck essentially has an infinite fatigue life at all locations 
since the estimate life far exceeds the design life of 75 years.  Hence, it can be stated that the 
deck would be expected to meet the design life without any damage to fatigue.   
 
6.1.1 Stress-Range Histograms 
The stress-range histogram data collected during the monitoring program permitted 
the development of a random variable-amplitude stress-range spectrum for twenty four strain 
gages.  It has been shown that a variable-amplitude stress-range spectrum can be represented 
by an equivalent constant-amplitude stress range equal to the cube root of the mean cube 
(rmc) of all stress ranges (i.e., Miner’s rule) [4] (i.e., Sreff = [ΣαiSri3]1/3). 
During the Long-term monitoring program, stress-range histograms were developed 
using the rainflow cycle counting method [5].  Several other methods have also been 
developed to convert a random-amplitude stress-range response into a stress-range 
histogram.  However, the rainflow cycle counting method is widely used and accepted for 
use in most structures [6].  During the Long-term monitoring program, the rainflow analysis 
algorithm was programmed to ignore any stress range less than 0.5 ksi (18µε).  Stress range 
cycles of this magnitude do not contribute to the cumulative fatigue damage of the details 
under consideration in this study.  Furthermore, the validity of stress range cycles less than 
this are often questionable are often only the result of electromechanical noise which can not 
be filtered out of the signal.   
The effective stress ranges presented for each channel in Table 6.3 were calculated by 
ignoring all stress-range cycles less than predetermined limits.  For all welded steel details, a 
cut-off or threshold is appropriate and necessary, as will be discussed below.  The limits were 
typically about ¼ the constant amplitude fatigue limit for the respective detail.  For example, 
for strain gages installed at details that are characterized as category C, with a CAFL of 10.0 
ksi, the cutoff was set at 2.0 ksi.  Hence, stress range cycles less than 2.0 ksi were ignored in 
the preparation of the stress-range histograms.  The threshold was selected for two reasons. 
Previous research has demonstrated that stress ranges less than about ¼ the CAFL 
have little effect on the cumulative damage at the detail [3].  It has also been demonstrated 
that as the number of random variable cycles of lower stress range levels are considered, the 
predicted cumulative damage provided by the calculated effective stress range becomes 
asymptotic to the applicable S-N curve.  A similar approach of truncating cycles of low stress 
range is accepted by researchers and specifications throughout the world [7]. 
Figure 6.1, shows the effect on the calculated effective stress range for several levels 
of truncation using measured field test data collected from a different bridge.  (Although the 
data are from a different bridge, they are useful in illustrating the concept being discussed.)  
The data presented in Figure 6.1 are also listed in Table 6.2 showing the selected truncation 
level and its impact on the effective stress range.   
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Figure 6.1 – Effect of truncating cycles at different stress range cut off levels 
 
 
As demonstrated by Figure 6.1, as the truncation level decreases, the effective stress 
range and corresponding number of cycles approaches the slope of the S-N curve for 
Category C, which is also plotted in Figure 6.1 (i.e., a slope of –3 on a log-log plot).  As long 
as the cut off level selected is consistent with the slope of the fatigue resistance curve, 
considering additional stress cycles at lower truncation levels does not improve the damage 
assessment and can therefore be ignored.  As can be seen, using a truncation level as high as 
10 ksi (in this example), the curve is nearly asymptotic to the slope of the S-N curves.  
Hence, an accurate prediction of the fatigue life is still made.  It should also be noted that the 
load spectrum assumed in the AASHTO LRFD specifications for design was developed by 
only considering vehicles greater than about 20 kips [8].  Thus the AASHTO LRFD design 
also implicitly truncates and ignores stress cycles generated by lighter vehicles and vibrations 
[9].  (Review of the time history stress range histogram data from Channel D6-N-4 revealed 
that an excessive number of cycles were found in the bins less than 3.0 ksi.  Review of the 
time history data revealed that these cycles were the result of EMF type noise and should be 
removed.  In order not to skew the results, a higher threshold (i.e., 3.0 ksi) was selected for 
this channel.) 
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Cut Off  
(ksi) 
Number Cycles 
> Cut Off Value 
Sreff  
(ksi) 
0.75 575,867 3.3 
2.75 117,869 5.5 
4.75 37,842 7.6 
6.75 15,112 9.6 
8.75 6,547 11.5 
10.75 2,938 13.3 
12.75 1,284 15.1 
14.75 509 17.0 
16.75 191 19.3 
18.75 85 21.3 
20.75 45 22.6 
22.75 22 23.9 
24.75 6 25.1 
25.75 2 25.7 
 
Table 6.2 – Calculated effective stress ranges using different stress range cut off levels   
Only every other data shown in Figure 6.2 is shown for brevity  
(Field measured data not from the Bronx-Whitestone Bridge) 
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Channel Sreff (ksi) 
Srmax 
(ksi) 
Srmax  (ksi) 
(Contr. Tests)2  N > 2.0 ksi Srmax/Sreff
Srmax/Sreff  
(Contr. Tests)3 
Cycles/
day 
% Exceedence 
of CAFL 
Life 
(years) Cat.
R16LP 2.7 6.5 4.9 1,244 2.4 1.8 21 0.0 INFINITE A 
R6LP 2.9 8.5 4.9 32,022 2.9 1.7 542 0.0 INFINITE A 
DP3BE 3.3 10.5 7.1 34,787 3.2 2.2 589 0.002 INFINITE C 
DP6BW 3.1 9.5 3.6 4,280 3.1 1.2 72 0.0 INFINITE C 
DP7BW 4.1 13.5 7.3 71,352 3.3 1.8 1208 0.08 145 C 
D3-S-2 3.5 12.5 7.4 95,732 3.6 2.1 1621 0.0 INFINITE A 
D3-S-4 2.6 4.5 3.3 1,558 1.7 1.3 26 0.0 INFINITE C 
D3-N-4 2.5 4.5 2.6 1,097 1.8 1.0 19 0.0 INFINITE C 
R3-W-2 3.1 6.5 1.7 266 2.1 0.5 5 0.0 INFINITE C 
R3-WI-2B 2.9 8.5 3.3 5,510 2.9 1.1 93 0.0 INFINITE C 
R3-E-3 2.7 5.5 3.7 3,547 2.0 1.4 60 0.0 INFINITE C 
R3-EI-3B 2.8 6.5 2.8 7,303 2.3 1.0 124 0.0 INFINITE C 
D4-S-1 3.1 12.5 4.8 205,396 4.0 1.5 3478 0.008 INFINITE C 
D6-N-1 2.7 6.5 5.6 12,270 2.4 2.1 208 0.0 INFINITE C 
D6-S-1 2.8 7.5 6.3 23,943 2.7 2.3 405 0.0 INFINITE C 
D6-S-2 3.0 7.5 6.4 27,193 2.5 2.1 460 0.0 INFINITE A 
D6-N-3 3.0 10.5 8.1 45,524 3.5 2.7 771 0.0 INFINITE A 
D6-N-41 4.0 10.5 5.4 65,856 2.6 1.4 1115 0.008 INFINITE C 
R6-W-2 2.7 5.5 1.9 204 2.0 0.7 3 0.0 INFINITE C 
R6-WI-2B 2.7 6.5 3.9 4,745 2.4 1.4 80 0.0 INFINITE C 
R6-EI-3B 2.6 4.5 2.7 1,315 1.7 1.0 22 0.0 INFINITE C 
D7-S-1 2.6 5.5 4.2 17,020 2.1 1.6 288 0.0 INFINITE C 
D8-S-4 3.2 9.5 5.9 71,336 3.0 1.8 1208 0.0 INFINITE C 
D9-S-1 3.1 9.5 5.1 59,198 3.1 1.6 1002 0.0 INFINITE C 
 
Notes 
1. For channel D6-N-4 a cutoff threshold of 3.0 ksi was used to determine Sreff and Cycles/day.  This was because the data were found to contain an excessive amount of 
noise below this magnitude of stress. 
2. Maximum stress range for all lane positions measured during crawl tests. 
3. Ratio of maximum stress range measured during controlled crawl tests to effective stress range measured during Long-term monitoring period. 
 
Table 6.3 - Summary of fatigue life estimates calculated from Long-term monitoring program
 54
7.0 Summary and Conclusions 
Field testing of the two-span prototype orthotropic deck panels installed on the Bronx 
Whitestone Bridge has been completed.  Both controlled load testing and remote Long-term 
monitoring has been conducted.  The results of this work are summarized below. 
 
• The behavior of the deck panels during the controlled load tests was consistent 
with expected behavior of a closed rib orthotropic deck. 
 
• No unusual behavior was observed and measured stresses produced by the 76 
kip test truck were acceptable. 
 
• The greatest stresses measured during the controlled load tests were located at 
the lower portion of the cutout which is consisted with the laboratory testing. 
 
• Little dynamic amplification as observed although the speed of the test truck 
was only about 17 mph.  Trucks traveling at increased speeds may produce 
larger dynamic forces.   
 
• Dynamic amplification, due to future damage of the wearing surface, is not 
expected to be significant.  This is because the wearing surface is only about 
3/8 inch thick.  Thus, if a portion were to “peal” up, no significant pothole 
type defect, thereby increasing dynamic impact, would be produced.   
 
• Stress-range histograms were developed at details known to be fatigue 
sensitive and/or subjected to high stress ranges based on the controlled load 
tests and monitoring of random traffic.   
 
• Based on the stress-range histograms developed, the proposed deck system 
should have a sufficient fatigue life to meet the required design life.  This of 
course assumes that the weight of trucks within the load spectrum does not 
increase significantly over the life of the structure. 
 
• Finite fatigue life was only calculated at one of the locations included in the 
Long-term monitoring program.  This was at the longitudinal rib-to-deck plate 
weld.  The estimated fatigue life was 145 years which exceeds the design life. 
 
• The reduction in the diaphragm plate thickness from ¾ inch to 5/8 inch is 
acceptable and does not reduce the fatigue life of the deck below the required 
limits.  
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